Introduction
Antibiotics are one of the most commonly prescribed drugs for the hospitalized patients. According to the previous studies, about one-third to one-half of all hospitalized patients receive antimicrobial therapy, which accounts for up to 30% of hospital drug budgets. [1] [2] [3] Hospitals all over the world are faced with the rapid emergence and spread of antibiotic-resistant bacteria. Increasing rates of antibiotic resistance have contributed to the greater recognition of inappropriate antimicrobial treatment for hospital-acquired infections. 4 To minimize inappropriate antimicrobial agent usage, clinicians must ensure that antibiotic administration follows certain minimal requirements, such as choosing an appropriate empiric therapy, considering accepted guidelines, proper dosing, optimal duration of treatment and changing treatment based on the subsequent culture results and antibacterial susceptibilities. [5] [6] [7] [8] Lack of adherence to these requirements based on antibiotic guidelines can lead to suboptimal or excessive antibiotic usage that increases the likelihood of antibiotic resistance, toxicity, and ineffective therapy. 9, 10 Several strategies have been suggested for controlling antibiotic usage including formulary restriction, review and feedback strategies, educational programs, implementation of clinical guidelines, antibiotic cycling and antibiotic order forms. [11] [12] [13] Application of the clinical guidelines can contribute to an appropriate selection of empiric antibiotic regimens and also reduce the unnecessary variations in the treatment of different infectious diseases. 14, 15 According to the different patterns of antimicrobial sensitivity in hospitals, many hospitals have tried to develop their local guidelines based on the published international ones. 16 Different studies have evaluated the overuse of antibiotics [17] [18] [19] and only limited ones have studied the economic burden of inappropriate prophylactic antibiotic usage in Iran. 19 As far as we know, there is no published research regarding the economic burden of inappropriate empiric antibiotic therapy from Iran. The objective of this study was to evaluate the prescription patterns of empiric antibiotic therapy in relation to treatment guidelines and the economic burden of discordance with guidelines in a major referral Iranian university hospital in southern Iran, Shiraz.
Methods

Study Population
We conducted a prospective observational study within 6 months from September 2016 to February 2017, in Shahid Faghihi hospital which is a tertiary referral teaching hospital affiliated to Shiraz University of Medical Sciences, Shiraz, Iran with about 42,000 admissions per year and 376 beds capacity. All patients who were hospitalized in the wards of internal medicine, general surgery, internal intensive care unit (ICU) and surgical ICU with antibiotic prescription were included in this study. Patients admitted to neurology and cardiology units were excluded because of their infrequent use of antibiotics. All studied patients were followed until the end of their antibiotic treatment. Being confirmed to have no infectious disease after 48 hours, having more than one infection, receiving prophylactic antibiotic regimens, expiring in the first day of admission and absence of enough information for a complete evaluation of patients' treatment course were exclusion criteria. 20 For each patient, demographic variables, laboratory and clinical data were recorded. The high accurate hospital records of each patient were evaluated because each drug requested for each patient had been recorded in the hospital information system (HIS). All medical and pharmacological records and all inpatient records related to antibiotic administration and starting or stopping dates of each drug were evaluated during the study period.
Adhering Assessment
The primary outcome was the rate of inappropriate antibiotic prescribing. The process consisted of comparing empiric antimicrobial administration with institutional guidelines for each patient by a clinical pharmacist and an infectious disease specialist to evaluate the appropriate utilization of antibiotics. For this purpose, the quality of antibiotics prescription was assessed by using an algorithm ( Figure 1 ) designed according to the method of van der Meer and Gyssens. 21 The appropriateness of the criteria mentioned in this algorithm was evaluated for each antibiotic according to institutional guidelines provided under the guidelines of the Infectious Diseases Society of America (IDSA) 22 and the US Centers for Disease Control and Prevention (CDC); 23 by the side of local microbial susceptibility patterns and hospital drug formulary.
Cost Evaluation
The total cost of antibiotics was calculated using the hospital pharmacy computer system and data was collected from the HIS. The costs evaluated in this study were pharmaceutical costs that included both the cost of the health system and the cost of the patient. The excess cost was computed according to the percentage of any referent inappropriate antibiotic usages. Costs are reported in Iranian Rials (IRR) and US dollars (USD), by a conversion rate of 1 USD = 42,000 IRR. This conversion factor is based on the currency index allocated by the Central Bank of the Islamic Republic of Iran for the supply of medicine and medical equipment. The amounts of 
Ethics Approval And Informed Consent
Institutional review board committee approval was obtained from the Shiraz University of Medical Sciences Ethics Committee (91-01-36-4872) and written informed consent was collected from patients. This study was conducted in accordance with the Declaration of Helsinki.
Data Analysis
Data analysis was performed by SPSS version 17 software package (SPSS Inc., Chicago, IL, USA). The quantitative data were reported as mean ± standard deviation (SD) and qualitative variables were presented by their frequencies and percentages. The odds ratios (ORs) and 95% confidence intervals (CIs) were used to evaluate the association between antibiotics and their appropriate use by employing a logistic regression model. Categorical variables were compared by using Chi-square test. Binary logistic regression was conducted separately for the infections and wards evaluated. The wards and infections were compared regarding inappropriate antibiotic administrations using crosstab test. A P-value <0.05 was considered significant.
Results
Among the evaluated patients, 229 patients met the inclusion criteria; 115 males (50.2%) and 114 females (49.8%). were the most frequent pre-existing diseases. A total of 493 antibiotics were prescribed for the evaluated patients during the study. The most frequently prescribed antibiotics were cephalosporins, carbapenems and glycopeptides which comprised 116 (23.5%), 78 (15.8%) and 66 (13.4%) of total prescriptions, respectively. Among these, aminoglycosides (100%) and carbapenems (97.43%), had the most and miscellaneous antibiotic group (42.10%) had the least proportions of inappropriate administrations ( Figure 2 , Table 2 ).
Among prescribed antibiotics, azithromycin (53.8%) and metronidazole (42.1%) were the most compatible antibiotics with the guidelines, whereas imipenem, amikacin and piperacillin-tazobactam were the most incompatible ones (all of them 100%). The best adherence to the guideline was in peritonitis and surgical site infections, while pyelonephritis and meningitis had the lowest compatibility with the guidelines (Both 0%) ( Table 3) .
Antibiotics were used least inappropriately in general surgery wards (52.8%), whereas the internal medicine wards had the most inappropriate usage of antibiotics (80.9%) ( Table 4 ).
Comparison of antibiotics administrations appropriateness, regarding various aspects is shown in Table 5 . Most of the prescription appropriate cases were related to route of administration, while the least appropriateness was due to dosing intervals.
In this study, the overall adherence of antibiotics regimen to the guidelines was 27.8%. The main aspects of inappropriate antibiotic usage were dosing interval, duration of therapy, and drug indication which were incorrect Based on the patients' renal function, dosing interval of 108 (21.9%) and dose of 38 (7.7%) antibiotics must be adjusted, but just 37 (34.2%) and 10 (26.3%) of these antibiotics met the correct adjustment for dosing interval and dose, respectively.
According to the culture results, the antibiotic regimen was de-escalated in 41 cases out of 85 positive cultures, whereas in 44 cases the modification was not suitable ( Figure 3) .
As it is shown in Table 6 , total antibiotic use was 248.56 DDD/100 patients/day, while the most frequent-used antibiotic was ceftriaxone, 98.692 DDD/100 patients/day.
The total cost of antibiotics during our study was 578,959.39 USD (24,316,294,800 IRR) and the excess cost due to inappropriate antibiotic administration was 471,319.69 USD (19,795,427,225 IRR), equal to 81.41% Figure 2 The appropriateness of antimicrobial therapy in different groups of antibiotics. Note: *Miscellaneous included metronidazole. Abbreviation: IA, inappropriate administration. of the total cost. The estimated annual excess cost is 942,639.38 USD (39,590,854,450 IRR) ( Table 7 ).
Discussion
To the best of our knowledge, this is the first study from Iran to the economic consequence of inappropriate empiric antibiotic prescription at the hospital level as well as at the ward level. This hospital receives patients from a variety of healthcare settings and hospitals in south-west of Iran. Thus, we believe that our results are largely representative of tertiary care facilities of our country. Despite guidelines which lead clinicians to prescribe appropriate empiric antimicrobial therapy to the hospitalized patients, growing literature show the inappropriate initial antimicrobial treatment. 9,10 A major concern is the increased use of broad-spectrum or new antibiotics and the prolonged use of antibiotics for empiric therapy. Physicians' adherence to local or hospital guideline is very important for the effective and appropriate use of medications. [5] [6] [7] [8] In our study, the total adherence (appropriateness of antimicrobial agent, de-escalation based on culture results, duration of treatment, route of antibiotic administration) with guidelines in empirical antibiotic treatment was found in 27.8% of patients.
As is shown in Table 6 , antibiotic consumption in our report is relatively high, comparing to studies in developed countries. This may underscore the need of adherence to guidelines in developing countries. In addition, high use of some antibiotics may be due to differences in the epidemiological status of antimicrobial resistance. Carbapenems administration in Turkish hospitals with bed capacity < 500, was reported to be 32.8 DDD/1000 patient-days. 24 In another study in French hospitals, this rate of use was stated to be 3.7 DDD/1000 patient-days. 25 This rate was much higher in our study than reported in these studies ( Table 6, DDD/1000 patient-day, 24 while this rate was 1.373 DDD/ 100 patient-day in our research ( Table 6 ). Glycopeptides usages in 530 French hospitals were 6.7 DDD/1000 patient-day, 25 however vancomycin, as the only glycopeptide in Iran, was administered 34.22 DDD/100 patient-day in our research. The high proportion of vancomycin use in the present study may be explained by the epidemiological status of antimicrobial resistance. The high rate of resistance to methicillin in Staphylococcus aureus is reported in our country. 26 As it is mentioned, some antibiotics have more frequent consumption comparing to developed countries, while some are administered less. World Health Organization (WHO) published a report, expressing antibiotic use in Iran as 38.78 DDD/1000 inhabitant day in 2015. 27 However, total antibiotic consumption in our study was 248.56 DDD/100 patient-day. Then, antibiotic use in our hospital did seem to be higher than some reports in other countries or also from the average of our own country. Considering the pattern of use, the present study showed a high consumption of total antibiotics, which can be due to different reasons for this inappropriate use.
We found a significant overuse of antimicrobials that were clearly not indicated in more than 49% of cases. In the present study, 72.2% of total antibiotic prescriptions were incompatible with guidelines (Tables 2-4 ). As shown in some reports, the lack of indication is a popular reason for inappropriate use of antibiotics. 20, 28, 29 Carbapenems and aminoglycosides were reported to be used the most inappropriately in the present study ( Table 2 ). The most inappropriate prescribed antibiotic groups reported in various studies are different based on the country and centers in which each study has been done. [29] [30] [31] Use of broad-spectrum antimicrobials for empiric management of infections may be initially necessary. However, antimicrobial de-escalation is a key approach to balance the need of broad-spectrum initial treatment while limiting the emergence of antimicrobial resistance. 32 De-escalation requires that the initial regimen is subsequently narrowed after the pathogen and its antibiotic susceptibility are known. Besides, antimicrobial treatment is needed to be discontinued when the signs and symptoms of infection resolve. The present research showed that in 48.23% of cases the culture results were incorporated in antibiotic selection mostly in internal ICU and the least attention was paid in general surgery ward ( Table 8 ). The notable point is that antibiotic choice according to culture results was inappropriate in 51.76% of positive cultures (Figure 3) .
In a report from 323 hospitals of USA received in 2010, the common deviations from accepted protocols were missing of de-escalation, administering longer than needed, antibiotic prescription for nonbacterial infections and treating contaminations or colonizations. 33 Medical records of patients with positive blood culture in a tertiary university hospital in Norway affirmed that 97% received empirical treatment at the time of culture report. Among these patients, 26% continued it, as being appropriate and 73% needed an adjustment, of which 12.05% did not meet this need. 5 Erbay et al stated that 45.3% of empiric regimens were inappropriate and generally, empirically antibiotic orders were less appropriate than those administered after culture tests. 29 Antibiotics overuse, consequent from non-adherence to antibiotic guidelines, may cause an increase in direct cost of treatment. Furthermore, inappropriate use of antibiotics can lead to an increase in bacterial resistance and length of hospital stay. Our findings showed that the excess cost because of inappropriate antibiotic usage was 471,319.69 USD (19,795,427,225 IRR, Table 7 ) among 229 patients. In this study, 81.41% of total costs were due to the misprescription of antibiotics, which is a considerable rate. The increasing cost of antibiotics due to inappropriate usage has been addressed in number of studies. [34] [35] [36] Such hospital-level analysis is useful for feedback to physicians in order to target key areas for improved performance. However, this research had some limitations, as there was not a feasible method to evaluate the clinical outcomes. Therefore, some conclusions about the inappropriateness of antibiotic therapy duration might not be drawn correctly. Also, there are different factors that affect an appropriate prescription, including the presence of clinical pharmacists, educational factors, and availability of antibiotics. The influence of these factors was not examined in our study, and prophylactic regimens were not evaluated.
Conclusion
Antibiotic therapy inappropriateness is a widespread matter which is intended to be decreased by designing different guidelines. Though this ongoing issue is responsible for increasing antibiotic resistance all over the world yet. In this research, the high rate of incompatibility with the guidelines confirms the necessity of a closer monitoring of antibiotics administration, culture tests and appropriate sampling. The authors believe that there is a crucial need in incorporating evidence-based guidelines according to local conditions and cultural background in routine practice to improve patient safety and decrease direct costs in our hospital. 
